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PREFACE

This final repo rt covers the work accomplished during the period

• 15 June 1975 through 15 July 1976 under Contract N62269-75-R-0372 ,

Development of a Programmable Panel. This work was supported by the

Naval Air Systems Command under the sponsorship of Mr. George Tsaparas

and Mr. Russell Berthot. The program was under the technical direction of

Mr. Ken Priest and Mr. Karl Quiririg of the Na val A i r  Development Center ,

Warminste r , Pennsylvania . The work was accomplished by the Display

• Systems and Huma n Factors Department under the direction of Mr. G. Wolfson

who was Project Manager.

• 
. 

Special acknowledgment is given to Mr. W. Lewis who was responsible

for  the mechanical design and directed the unit  fabrication effort.
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• SECTION 1
• 

. INTRODUCTION AND SUMMARY

The Advanced Integrated Display System (AIDS) will provide for

integrated controls and displays that optimize information transfe r and weapon

system control with a new degree of flexib ility . An important feature of the

• AIDS system is the simplification of the operating controls for the manual

selection of desired data and displays. A sensible way of providing this

feature is through the use of a multi-format programmable switch panel con-

taining the necessary control logic and switching. In addition to the require

merit for  programmabili ty,  the control panel must be viewable in a high

• ambient environment  and occupy a minimum of cockpit real estate . Like

most control panels , it is highly likely tha t the unit  will be console mounted

(as opposed to ins t rument  panel mounted), thereby imply ing a severe restric-

tion on the un i t ’ s depth .

Unde r the AIMZS program , the Navy has sponsored a number of tech-

nology developments that directly support the AIDS requirements .  In p ar -
• ticular , the Maste r Monitor Display (MMD) program (NADC Contract N62269-

75-C-0296)  established the feasibil i ty of liquid crystal  display technology for

• the display of alphanumeric  data.

As a natural extension to the MMD liquid crystal display effort , a

Programmable Control Panel ut i l iz ing the technology developed for the MMD

was designed and fabricated. This liquid crystal  programmable panel is the

subject of this report.

A photograph of the programmable panel is shown in Figure 1. The

control panel consists of fou r lines of alphanumeric  liquid crystal displays

arid two rows of five push buttons. The alphanumeric liquid crysta l displays

are identical to those used with the MMD. Each display row conta ins

• 24 characters .  However , for this application , only 20 of the characters are

utilized. Each of the five push buttons in a row are lined up and associated
• with 4 alphanumerics in each of the two display rows above it.

In addition to the control panel itself , an electronics interface unit

was designed and built to permit inputting of data from a J-Tickok 960A

1
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Fi g u r e  1. l ’ r . g r ami : iab l e  pane l.

80 column stat ic  card reader . This  i n t e r f a c e  un i t  is shown in F igure  2 ,

along w ith the control  panel.
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Fi gure 2 .  Programmable  pane l with in t e r f ace  un i t .
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SECTION 2

TECHNICA L DISCUSSION AND APPROACH

INTRODUCTION

The technical  approach taken in the development of the Programmable

Panel was to provide the pilot or ope rator with a control unit  containing four

lines of liquid crystal  alpha numeric  characters in a stand-alone unit  which

contains all required storage and drive electronics.  To maintain simplicity

and maximum reliability the number of interface connections to the source of

input data was minimized.

Al te rna t ive  liquid crysta l  display technolog ies we re reviewed for the

programmable panel application with pr imary  consideration given to legibility,

off  axis  viewability , character  font , and electronic drive circuit complexity.

j The results of the technology review led to the selection of the dynamic

scatter ing liquid crysta l  display confi gured in a 14 segment starburst font
- - for  use as the display media . A discussion of the liquid crystal  technology

evaluation is presented in the following section followed by a descr iption of

the programmable panel and interface electronics unit design and construction.

LIQUID CRYSTA L DISPLA Y TECHNOLOGY EVA LUATION

• Liquid Crys ta l  Types

-. A liquid crystal  flat panel display or readout has several distinct

advantages over other image forming techniques. It is a reflective display

-
~~ and therefore  it main ta ins  contrast  under high ambient illumination; if the

ambient  light ing doubles , the brightness doubles. It requires onl y milliwatts

of powe r , because it is a light switch rather tha n a light source. Additiona l

• advantages of liquid crystal  displays and readouts include greatly reduced

size and weight due to the flat panel shape factor and increased reliability

¶ resul t ing from the solid state technology.

Liquid crys ta l  types are  classified according to their molecular

I 
s t ruc tu re  as (1) Nematic , (2) Smetic , or Cholesteric.  Nematic liquid crystals

consis t  of molecules that are parallel , resembling matches in a box. Each

molecule can rotate only around its long axis and has some freedom from

i~ •i~ _ _ 
• ~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~
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side to side or up and down (Figure 3a). The smetic liquid crystals have a

• layered arrangement.  The layers can slide ove r one another , because the
molecules in each laye r can move from side to s ide or forward and backward
but not up and down. Within each layer , molecules may be ordered in rank s
(Figure 3b) or randomly distributed. The cholesteric liquid crystal  (LCD)
consists of layers , as smectic LCDs do. Within each laye r , however , the
molecules are  pa rallel , as are the nemat ic molecules. Molecules in one 1.

layer exert an influence on the layers above and below , so the long axis of
the molecules in these layers is displaced slightly and a helical pattern forms
from laye r to laye r (Figure 3c).

~~~~~~~~~~~~~~ 
—t

— —b . Srnectica. Nern at i c

~I~ 7

c. Cho le s t erj c

Figure 3. Diagrams of packing effects  in liquid crystals.

The nematic liquid crystal operating is either a Dynamic Scattering
Mode or Field Effect Mode was considered for the current  display
application.

In the dynamic scat ter ing mode (DSM), a thin layer of liquid crystal
material  is sandwiched between two electrodes as shown in Figure 4. The
outer electrode is t ransparent  and the back electrode is reflective. When 
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Figure 4. Dynamic scattering liquid crystal
cell operation.

I ; the electrodes are at the same potential , the liquid crys ta l  material is clea r

and the observe r will see a reflection of a dark light t rap giving him the

impress ion  that the cell is black.

When the electrodes are  at d i f fe ren t  potentials , the materia l develops

scat ter ing centers  which forward scatters the i~.cident light. The scattered

lig ht is reflected back to the observer giving him the impression that the cell
- is whi te .  The amount of light reflected to the observe r can be controlled by

the electrode potential. DSM can be activated by either AC or DC signals.

Typically , AC f requencies  less than I kHz are used.

In the field e f fec t  mode , the liquid crystal material is sandwiched

between two polar izers  placed at right angles to one anothe r (Figure 5). The

layers  of molecules in the fluid are  arranged in a helical stack , like a spiral

s ta i rcase.  The light coming through the front polarizer is rotated 90 degrees

as it travels down the “staircase , ” it passes through the rear polarizer and

is reflected by the mi r ror .  When a potential is applied between the electrodes ,

the  liquid crystal  molecules are rotated 90 degrees so they are perpendicular

to the f ront  polar izer .  Light that passes th r ough them is not rotated and

• -. t he re fo re  is absorbed by the rear polarizer.  The result is a dark dig it tha t

contras ts  wi th  the light surroundings. The digits can be made light and the

background dark by rotating the polarizer 90 degrees.

Both the dynamic scattering and field effect  LCD can provide a highly

leg ible hig h contrast  display. The primary advantages of the field effect

.5 5
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_______ “I ELECTRODES
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Figure 5. Field effect liquid crystal cell operation.

LCD over the dynamic scattering LCD is lowe r voltage requirements
(1.5 volts versus 15 volts) and the lack of a light trap requirement .  The dis-
advantages of the field e f fec t  LCD include , limited off axis viewing to approxi-
mately 20 degrees and the requirement  for a t ransparent  substrate . The
need for the t r anspa ren t  substrate  does not permit  electrical contact with the

display segments via p ins brought out through the back of the substrate .

Electr ical  connect ion to the elements must be made along the top and/or
bottom of the display therefore  requir ing a substantial spacing between dis-

play rows.

The dynamic sca t ter ing  mode LCD is recommended for use in the

Prog rammable Panel due to its high contrast , excellent on and off axis view-
ing and the ab i l i ty  to use a non- t ransparent  substrate which permits  the use
of rear p ins for e lectr ical  contact.

Legibi l i ty  Considerat ions for Liquid Crystal  Programmable Panel

The legibil i ty of the symbols is the main consideration in determining

symbol formats .  Legibili ty is affected by many factors , but those that impact
most d i rec t ly  on desi gn t rade-offs  for the present application are symbol

subtense , cont ras t , font , ambient i l lumination , num~ er of elements used to

cons t ruc t  the symbol , and matr ix  type ; e. g . ,  an a r ray  of segmented elements

or dot elements . Each of these factors and associated design tradeoffs will

be discussed in the context of legibility for the Programmable Panel.

6 
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F M
Matrix Type and Font

Several symbol leg ibility studi s have been conducted to examine the
legibility of segmented and matr ix  symbols;  however , there are  no known

I 
~‘ studies that have directly compared segmented al phaaumerics  against  dot-

• 
-~~~ matrix symbology, and th erefore any conclusions as to the relative desirabil-

i ty of one fo rm of p resen ta t ion  over the other must be qual i f ied .  The results

• t of the most relevant  studies will be d iscussed in the following pa ragraphs.
Most recently ,  Shurt leff ref re ports that a fixed stroke matr ix

(16 segment s t a r b u r s t )  y ields 3 percent  higher  e r ro r  rates and a 25 percent
reduction in speed of ident i f icat ion in a symbol reading task when compared
to a less constra ined geometr ica l  form of s t roke-wr i t ten  symbology (random

posit ion stroke).  Additional studies reported by Shurtleff ref ~ show no
-
~~ legibi l i ty d i f fe rences  between random posit ion stroke and 7 x 11 dot-matr ix

-~~ s ymbology. These studies  taken at face va lue would lead one to conclude

that 7 x 11 dot -matr ix  symbology is super ior  to 16 segment s tarburs t  sym-

bology. However , dur ing the Shurtleff  studies , part icular emphasis was

placed on maintaining the same geometr ical  style of symbology across  the

- -  

various experimental  condi t ions .  This provides excellent experimental con-

[ trol but makes the relevance of the results to real world application question-

able , because in reality one would optimize the sty le or font of alpha numerics
to whatever symbol cons t ruc t ion  technique was selected. Indeed , style was

allowed to vary  in some of the following studies , and d i f fe rences  in construc-

-- t ion technique (segmented , dot , or stroke) are  far less conclusive.

Stephenson and Schiff ler~~~ 
2 conducted a study to test the relative legib ility

of five segmented mat r i ces  cons i s t ing  of 16 , 17 , 23 , 27 , and 38 elements .

The relative accu racy  of ident i f icat ions  for brief  (0 .25  sec) exposures m di-
• cated no trend toward better performance as the number of elements

increased. The 16 and 23 element matrices were slightly superior when font

was not artificially constra ined by experimental controls.  Stephenson and

Schiffler conclude that even though 16 and 23 element segmented symbology

‘Shurtleff, D.A. Legibility Research.  Paper Submitted for Publica -.
t ion , Society for Informat ion  Disp lay,  1974 .

- 
2Step henson, S. D. and Schiff ler , R. J. The Relative Legib i l i ty  of Five

Dif fe ren t  Segmented Electroluminescent  Fonts. RADC-TR-68-  372 ,
Rome Air  Development Cente r , G r i f f iss  A i r  Force Base , New York ,
September 1968. 

.~
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was super ior  that the principa l advantage of the 16 segment matrix lay in the

lower cost and complexity of the dr ive electronics.
It has been found that o•ther perceptual variables as well as task

• related factors can interact with matrix type in the measurement  of symbol

legibi l i ty .  A study by Plath (1970) compared standa rd AME L numerals to

segmented numerals having one-half the stroke width aga inst the cr i ter ion

of legibility. This confounding with stroke width was approximately equiva-
lent to doubling the luminous intensity of the AME L nume rals as found by
Vanderkolk , Herman , and Hershberger ref .  3. Thus it is not surpris ing tha t

the results indicated the superiority of the standard AME L nume rals.

Gibney’~~~~
4 reviewed the l i terature and found that increased task

complexit~, affected the relative legibility of standard A rabic and segmented

syrnbology in such a way as to reduce any differences  in legibility. Gibney
later confirmed this f inding with his own laboratory experiments and con-

cluded that segmented numerals  can be used in many practical  s ituations
• without compromising performance, especially considering the reduction in

cost  and electronic complexity .

One fur ther  stud y by King, et al 1~~
f
~ ~ in which subjects read three-

digi t  numbers f rom segmented readouts reinforces the previous findings.

The results indicated that p ilots could read the numeric  readouts with

100 percent accuracy  even at minimum values of contrast;  although , the
latter conditions required longer reading time.

Finally, Meister , et ai r~~ . 6 sta te that differences in legibility

between segmented and 5 x 7 dot-matr ix are  small and that the advantages

der iving from reduced electronic complexity are substantial.
3Vanderkolk , R. 3 . ,  Herma n , J .A. and Hersberger , M. L . ,  Dot

Matrix Disp lay Symbology Study. Hughes A i r c r a f t  Company.
P75-114K, March 1975.

4Gibney,  T. K. Legibility of Segmented Versus Standard Numerals:
A Review. A MR L - TR -67 - 1 1 6 , (AD 66 1 262), Aerospace Medical
Research Laboratories , Wright-Patterson Air Force Base, Oh io,
June 1967.

5
King, R. C., Wollentin, R. W., Semple, C. A., and Goettelmann , 0.
Electroluminescent Display Legibility Research and Development.
A F F D L - T R - 7 0 - 89 ,  Air  Force Flight Dynamics Laboratory, Ai r
Force Systems Command , Wright-Pat terson Air  Force Base , Ohio,
August  1970.

6Meister , D. and Sullivan , D. J. Guide to Huma n Eng ineering Design
for Visua l Displays. Office of Naval Research Contract Number
N00014-68-C-0278 (AD 693-237) ,  Engineering Psychology Branch ,
Office of Naval Research , Washington , D.C. , August 1969.

8



It is concluded from the foregoing discussion of the leg ibility of

segmented , continuous stroke, and dot -matr ix  symbology that any diffe r-

ences stemming from symbol construct ion technique , if indeed there are

any , are far  overshadowed by other considerations such as reduced electronic

complexity.

Symbol Subtense

The effect  of symbol subtense on the leg ib ility of symbology has been

well established. Symbol subtense is the angle subtended by the symbology

at the eye of the observer .  Streeter , Weber , and Opittek~’eL ~ conducted
• 

• a laboratory study and recommended that alphanumeric symbology for an

a i rc ra f t  Master Monitor Display subtend 30 minutes of arc noting howeve r ,

that 22 minutes of arc  would be acceptable if vertical spacing between lines
was at least 30 minutes. VanderKolk , Herma n , and Hershberger le f .  3

reviewed the l i t e ra ture  and found that symbology should subtend between

22 and 26 minutes of arc  to ensure good legibil i ty under norma l operating

condit ions.  Under ideal viewing conditions , e .g . , high contrast , no vibra-

t ion , and no symbol motion , symbol subtenses as low as !6 arc-minutes

can be tolerated but are not recommended. The decrement in legibility when

symbol subtense is reduced from 22 to 16 minutes of arc is about 17 percent

in symbol reading rate . VanderKolk , Herman , and Hershbergerref .  ~ sub-

sequentl y conducted relevant laboratory studies and concluded that the above

data , although intended for s t roke-wri t ten  symbology, were equally applica-

ble for other techniques of symbol construct ion such as dot-matr ix and pre-

sumably segmented symbology.

Number of Symbol Elements

• • This subject has already been discussed in connection with Matrix

• Type and the reference  to the studies of Stephenson and Schiffler ”~~~ 
2 who

found no improvement in the legibility of segmented symbology when the

number of segments exceeded sixteen. This also is generally agreed to be

a lower l imit  with legibility decreasing sharply below this number. Similar

f indings  for dot-matr ix  syrnbology were reported by Shurtleff ~’ef. 1 which

indicated that legibi l i ty did not improve when the number of dots used to

7Streete r , E. , Weber , J. W . ,  and Opittek , E. W . ,  Maste r Monitor
Display Stud y, Hughes Aircra ft Company, P73-464 , January 1974.

9
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• construct a symbol exceeded 35 (5 x 7 a r r ay ) .  This numbe r is also a lower

l imit  with legibility degrading with smaller matrices such as 3 x 5 a r r ays .

Contrast  and Surround Luminance

It is generally acc epted that the adaptation level of the eye is a critical

parameter in the perception of visual images. In display applications , it is

often the case that the adaptation level is establ ished by the display surround
luminance.  By this means the display surround luminance ei ther  d i rec t ly  or

ind i rec tly  determines the number of gray shades the eye can detect. An

al phanumeric  symbol requires  the detect ion of two shades of gray,  and the

contrast  required for this task can be readily determined from established

data . Also affect ing the perceived brig htness of symbols is symbol subtense ,

stroke width , and additionally, in the case of dot-matr ix displays , the per-

cent act ive area. This latter factor is the pr imary di f ferent ia l  effect

operating on perceived brightness when comparing segmented and dot-matr ix

symbology. For example , the data of VanderKolk , Herma n , and

Hershbergerre f .  ~ indicate that for an eye adaptation level and symbol sur-

round luminance of 500 foot Lamberts and a symbol subtense of 30 arc

minutes , the total required symbol luminance for comfortable viewing of

segmented symbology (100 percent active area) would be 600 foot Lamberts

including the 500 foot Lambert reflected ambient illumination. This repre-

sents  a contras t  of 0. 2. The VanderKolkr~~~ 3 studies also demonstrated

the re la t ionship between the percent active area of dot-matr ix  displays and

emi t t e r  luminance.  A dot-matrix display with equal emitter  size and inter-

element  gaps , for the same condit ions as the segmented display above , would

require a symbol element luminance  of 1500 foot Lambe rts for viewing syrn-

bology comfor tably .  This represents  a contrast  of 2 . 0  or a 10:1 increase

over the segmented symbology .

Conclusions and Recommendations

It is apparent that for the Programmable Panel symbolic display, the

two pr imary  overr iding factors in the selection between a dot-matr ix and

a segmented characte r format is the reduction in electronic cornple’ .‘ with-

out loss of legibility and the reduced contrast requirements offered by the

16 segment  (sta rburs t )  format .

10 
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Af te r  giving due consideration to all of the relevant tradeoff data

af fec t ing  legibility of the al ternate  fonts , it appears that the 14 segment

alphanumeric display is superior to the dot-matrix display for this

application.

PROGRAMMABLE PANEL DESIGN

The programmable panel hardware is comprised of two units as

shown in the block diagram , Figure 6.

I/O~~~~~~
— — — —

~~~ E 

READER F ELECTRONICS ‘ 
DATA STORAGE H DISPLAYS 

I ~

POWER 
_____ 

ILLUM INATION
SUPPLIES MODULES

t
INTERFA CE EV • IL_ _ _ _J  _ _ _ _ _ _ _  I

i 4 CONTROLS 1 1 BRIGHTNESS
CONTROL PANEL

L I

Figure 6. Programmable panel block diagram.

The control panel itself contains fou r rows of liquid crystal  alpha-

numeric displays as shown in the ha rdware photograph , Figure 1. Each row

of liquid crystal display contains 24 characters.  It is the intent of the con-

f igurat ion to associate characters in groups of 4 with a push button located

direct ly  below the 4 characters .  Each row of liquid crystal display contains

its own individual light trap required for contrast enhancement and an illu-

mination module for viewing the display in a low ambient environment. In

addition , each LCD row has its own driver and data storage electronics.

The electronics are  contained on small mqdules which plug into the back of

the display rows. A brightness control on the front panel is provided for

• control l ing the illumination modules. Two row s of controls comprised of

• 1 1

•1
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5 push buttons each are provided. In the cur ren t  configurat ion , the push

buttons are inactive . The outputs of the controls are provided at the I/O

connector and can be used to provide pilot communications to a computer to

indicate display and/or  mode selection.
The interface electronic unit (IEU) contains two c i rcu i t  boards. The

first board contains the interface electronics needed to reformat the output
of  a Hickok 960A 80 column card reader for compatibili ty with the LCD drive

• e lectronics. The second circuit  board contains two power supplies required

for both the interface electronics  and the LCD drive electronics .  In a sys-

• tern operation , the programmable panel can in terface  di rect ly  with a com-

puter and external power supplied f o r  the panel operation.

Liquid Crysta l Display

Each line of display is packaged as an assembly ,  Figure 7 , with a

pigta il connector for ease of removal.  The assembl y contains the liquid

crystal display itself , an i l lumination module , a li ght trap which also func-

tions to conta in the illumination module and six drive electronic  modules

which plug into the rear of the d i splay. The construct ion of the LCD is

shown in Figure 8. The LCD and e lec t ronic  module togethe r are less tha n

one inch deep. The power buses are  internal to the glass substrate ,  thereby

el iminat ing the need for w i r i n g .  Data is entered bit serial ly,  thereby mini-

mizing the number of inpu t connect ions  to each row. The charac ter i s t ics  of

the LCD are given in Table 1.

~~~~~ .~ 
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 7. LCD line assembly.
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Figure 8. LCD construction.
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TABLE 1. LCD CHARACTERISTICS

LC TYPE dynamic scattering,  reflective

Characters Per Row twenty-four

Character Height 0. 325 inch (5 /16 inches)

Character Width 0. 195 inch =
Characte r Spacing 0 .245 inch
(center  to center)

Row Spacing 0. 625 inch
(center to center)

Stroke Width 0. 0375 inch (maximum)

Font 14-segment starburst

Powe r (operating) 6 MW all segment on (1.4 uw/seg)

Power (li ght ing)  5V

Contrast 20:1 minimum

Interface +5 to -9V serial digital
Operating Temperature -55 C to +80 C

Storage Temperature -55°C to + 125 °C

Rise Time (at 25°C) 15 msec (10-90 percent)

Fall Time (at 25°C) 250 meec (10-90 percent)
1 . Heaters prov ided for improved rise and fall time ,

if required

~
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LCD Drive Electronics

• The LCD drive electronics consist of plugs in submodules. Each

submodule contains two semiconductor chips. Each chip is a CMOS 30 bit

serial in parallel out shift register with exclusive I
~or t t gates on the outputs .

Therefore each submodule contains data storage and drive capability for

60 display elements which are equal to four characters. The electrical

equivalent c i rcui t  for a chip is given in Figure 9. The D0~ t of the f i r s t  chip

is connected to the ~~~ of the next chip forming a 360 bit serial in parallel {
out shift register .  The connections between chi ps are all done internal to

the LCD. L
v
ic ~~~~~~~~

RESET BIT I F
0INPUT 81T 2

CLOCK I CD4015

GND 
~~~~~~~~~~~~~~~ ‘—+ BIT 3O

Figure 9. LCD drive electronics equivalent circuit.

Lighting Module

The LCD emits  no light of its own. Consequently an external light

source is required for viewing the display in low ambient illumination.

Alternate lighting techniques were explored. These included wedge lighting,

end light ing,  ed ge lighting and direct  lighting .

The evaluation cr i ter ia  included bri ghtness uniformity,  power con-

sumption , rel iabil i ty and simplicity of mechanization. This evaluation led

to the development of a plastic light bar containing ten low -power miniature

lamps . The light bar contains ten miniature pr isms.  Each lamp is placed

between two prisms as shown in Figure 10. The ten prisms capture the

14
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I ~ Figure 10. LCD lighting mechanization.

forward scattered light and direct it up into the edge of the display, creating
- ‘s a uni form light source.

• Interface Electronicsp :~ô
The interface electronics unit , Figure 11 , contains two plug in cards ,

• Al  and AZ.  One of the plug in cards , AZ , contains the DC power supplier

• required for operation of the interface electronic unit , MMD and card reader.
-- 

The second plug in card , Al , contains the interface electronics itself.

The interface electronics unit function is threefold . First , it converts

• the output of the ca rd reader which is in the Hollerith code, to the code

required by the MMD liquid crystal display. Second , it provides the timing

and control required for display row , and characte r selection. And , third ,

it provides the +5 V and -12 V DC regulated power required for the liquid

- . crystal  display.

- •  Circuit  Description -

- .  

A schematic diagram of the interface electronics card , Al , is shown
I in Figure 12. The 12 bit parallel Hollerith code received from the card

reader is compressed to 8 bits by UI 8A through U18E , U 17A , U 17B and

U lOB. These 8 bits address PROMS U 19 and UZO which convert the corn-

- pressed Hollerith code to the 15 bj t • code required by the liquid crystal display
I I (LCD). The outputs of U19 and U20 (15 bits) are parallel loaded into the shift

registers U Zi  and U22 and clocked out bit serially into UZ3 which converts
• 

. 

the 0 to 5 V data to -12 to +5 data .

il
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I
I U I 2 E ,  U 12F and U25A fun -tion is a 25 XC oscillator to provide the

AC switch drive to the LCD. The output of the oscillator is converted from
a 0 to 5 V square wave to a -9 to 5 V square wave by U24.

I The remainder of the circuitry shown on the schematic provides the
• t iming and control. When a tab card is inserted into the ca rd reader and

I accepted , a read y s ignal is received and delayed by the one shot U 1A. The

output of U J A  is used to parallel load the f i r s t  column of card data into the

shift reg is ters  (32 1 and U22. The read y signa l is further delayed by the one
shot U 1B whose output turns on fli p-flop UZB. The output of U2B controls

I the gated clock formed by U3A , U3B , UZA and USA. This gated clock

(CLX 25) is the heart of the timing function. CLX 25 shifts out the 15 bit

data code from UZi  and U22 Counter U7 counts down the 15 bits of data (one

I character)  and resets itself. Counter U8 counts the number of characters

and resets itself after  counting 24 cha racters (one display line). Counter U9

I counts the number of line s , 1 through 4 and resets itself and also turns off
• the gated clock af ter  the 4th line. U9 controls the demultiplexer U 16 by

I selecting one of 4 line s to output the clock on. The outpu t clock is generated

by delay ing CLX 25 and level shifting the 0 to 5 V signa l to -12 V to +5 V by

I U 14.
All active circuit  components with the exception of the PROMS , U 19

and U20 , are low power CMOS. The PROMS are Silicon Gate MOS devices.

I A timing diagram showing the phase relationship of timing and control

signals is shown in Figure 13. Table 2 is a components parts list and Fig-

14 shows the components layout on the plug in circuit board.

Data Input and PrQgramming

Information is inputted to the Programmable Panel system via

80 column tab cards and a Hickok 960A static card reader. The columns

must  be encoded with information in the Hollerith code. The Hollerith codes

;~ ~ 
for all alphanumerics (A through Z and 0 through 9) will result in the corre-

spondirig character being disp layed on the Panel. The Hollerith code and the

result ing display symbol is given in Table 3 for all other special symbols .

To program the display via the punch cards , some understanding of

the display architecture is required. A full display consists of 4 lines of

cha racters with 20 characters per line. However , the programmer should

I ~~ think of each display line as conta ining 24 characters (rather than the 20 that

21
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Figure  13. Timing and control signals.
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TABLE 2. PARTS LIST, MASTE R PR OGRAMMABLE PANE L

- DISPLA Y INTERFACE

~• I Quantity Part Description Manufacturer Designation

1 CD400 1 NOR Gate RCA U l l

I CD400Z NOR Gate RCA U4

2 CD40 12 NAND Gate RCA U10 , U17

2 CD4O13 D-Flip Flop • RCA U2 , U25
- 

2 CD4021 Shift Register RCA U2 1 , U22

1 3 CD4024 Binary Counter RCA U7 , U8 , U9

3 CD4049 Buffer RCA • U3 , U12, U 18

I l CD4073 AND Gate RCA US
- 3 MC 14528 One Shot Motorola Ui , U6 , U 13

1 SIL4O51B Demux Siltex U15 , U 16

j  3 S1L4055B LCD Driver Siltex U 14 , U23 , U24

2 1602A PROM Intel U21,U22

I I 1N757A Zener,9.1V ,400MW 
•

2 62 ohm Resistor , 1/4 Watt TB6

1 16 910 ohm Resistor , 1/4 Watt TB4 , TB5

1 10 K Resistor , 1/4 Watt TB 1

4 100 K Resistor , 1/4 Watt TB1

1 0. 27 M Resistor , 1/4 Watt TB3

1 0.47 M Resistor , 1/4 Watt TB3

3 0. 51 M Resistor , 1/4 Watt TB3 , TB6

1 1.0 M Resistor , 1/4 Watt TBZ

1 4.7 M Resistor, 1/4 Watt TB3

1 15 pF Capac itor TB3-. 4 27 pF Capac itor TB 1
2 lZOO pF Capac itor TB6

1 0. 033 MF Capacitor TB3

} ~ 1 0. 68 MF Capac itor TB2

1 1.0 MF Capac itor TB6

23.3
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TA B LE 3. CODES FOR SPECIA L SYMBOLS

Hollerith Displayed
• Code Symbol

I I ‘I

I > 
. 

—

T
1 =

/ /- I
~ i 

actually exist with the f i rs t  two and last two characters not viewable.
-
~ Therefore , to program the entire display a total of 24 x 4 = 96 characters

must be entered. Since each tab card contains 80 columns , a total of 2 cards
are required for programming. Data is ente red sequentially from left to
right start ing with the f irs t  line. The tab card column and corresponding

-• displayed characte r is shown in Table 4.
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TABLE 4. TAB CARD/DISPLAYED CHARACTER

Column

1 2 3 4 5 6 7 8 9 10 II

Card-i  X X 1/ 1 1/2 1/3 1/4 1/5 1/6 1/ 7 1/8 1/9 1/ 10

Ca rd-2 4 /7  4 /8  4 /9  4/10 4 / i l  4 / 12  4/ 1 3  4 / 14  4/ 15  4/ 16  4/ 17  4/ 18

Column

13 14 15 16 17 18 19 20 21 22 23 24

C a r d — i  1/ i l  1 /12 1 /13  1/14 1/ 15 1/ 16 1/1 7  1/ 18 1/ 19  1/20 X X

Card-2 4 / 19  4 /20  X X

Column

25 26 27 28 29 30 31 32 33 34 35 36

Card-i X X 2/1 2/2 2/3 2/4 2/5 2/6 2/7 2/8 2/9 2/10

Co1un~n

37 38 39 40 41 42 4 3 44 45 46 47 48

Card- i  2 /11  2 /12  2 / 1 3  2 /14  2/ 15  2 / 1 6  2/ 17  2/ 18 2/ 1 9  2 / 2 0  X X

Column L
49 50 51 52 53 54 55 56 57 58 59 60

Card - i  X X 3/ 1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/ 10

Column

61 62 63 64 65 66 67 68 69 70 71 72

Card- i  3/ 11 3/12 3 /13  3/14 3/15 3/ 16 3/17 3/ 18 3L 19 3/20 X X

Column

73 74 75 76 77 78 79 80

C a r d -i  X X 4/1  4 /2  4 /3  4/4 4/ 5  4/6

26 

— - - 
- —.~~~ — —-- 

—



- 
-

~~~~•-~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --• •~~~-• - - •

S 
, •

~ ~~~~~~ _j Ii~• _ • •~~.L ~~~~~~~~~~~ 
- 
- - -— -

I
D4443

Distribution for N62269-75-C -0372

1. NAVA IR SYSCOM

AIR 954 2 copies

AIR 53351D 1 copy

~ 
AIR 340D 1 copy

2. NA VA IR DEVCEN

Attention: K. Quiring , Code 6072

1 
12 copies

3. DEFENSE DOCUMENTATION CEN TER
• 12 copies

1’

11

1]
Ii


